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(57) Abstract: A steer by wire system for a vehicle that employs a steering torque assist to allow the vehicle operator to more
- easily steer the vehicle in the event of a steer by wire system fault. The steer by wire system includes a sensor that generates a signal
& indicative of the position of and torque applied to the steering wheel that is received by a controller. From the position signal, the
€\ controller controls the steering of the vehicle by a steering motor. A feedback motor provides counter-torque to the rotation of the
steering wheel to simulate the turning of the vehicle wheels. If the steer by wire system fails, a clutch engages a mechanical linkage
to allow the vehicle operator to control the vehicle steering by the steering wheel. The controller provides a motor drive signal to
the feedback motor to provide the torque assist when the mechanical linkage is engaged.



WO 2006/001950 PCT/US2005/017633

STEER BY WIRE MOTOR CONTROL ALGORITHM

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates generally to a steer by wire control
system for a vehicle and, more particularly, to a steer by wire control system for a
vehicle, where the control system uses a driver feedback motor to provide a
steering torque assist for a mechanical steering linkage in the event of a steer by
wire system fault.

2. Discussion of the Related Art

[0002] Experimental vehicles employing steer by wire systems are
known in the art. A steer by wire system allows the vehicle to be steered
electronically, i.e., without a direct mechanical link between the steering wheel
and the vehicle wheels. Steer by wire systems allow vehicle interior design
freedoms that might otherwise not be possible with a conventional steering
system having a mechanical linkage. Further, steer by wire systems typically
have fewer parts and reduced complexity than the conventional steering
systems.

[0003] One known steer by wire system employs a position and
torque sensor that senses the rotation of the vehicle steering wheel and
generates a position signal that is received by a controller. From the position of
the steering wheel, the controller generates a drive signal that controls a steering
motor for steering the vehicle’s wheels. A driver feedback motor coupled to the
steering wheel simulates a mechanical linkage between the steering wheel and
the vehicle wheels to provide stability and feel to the steering wheel. In other
words, the feedback motor provides a counter-torque to the direction that the
steering wheel is turned to give the vehicle operator the sensation of resistance
caused by the turning of the vehicle.

[0004] It is still desirable in steer by wire vehicles to employ some
type of mechanical steering linkage between the vehicle wheels and the steering
wheel that allows the vehicle operator to steer the vehicle if the steer by wire
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system fails. One known design employs a clutch that disengages the
mechanical linkage when the steer by wire system is operating properly. A clutch
control signal from the controller engages the clutch, and thus the mechanical
linkage, if the controller determines the steer by wire system is not operating
properly, so that the vehicle operator is still able to steer the vehicle. However,
this system does not employ a steering assist to help the operator steer the
vehicle by the mechanical linkage. Therefore, the vehicle must be steered by an
“armstrong” or brute force technique if the steer by wire system fails that may be
beyond the vehicle operator’s capabilities.

- SUMMARY OF THE INVENTION

[0005] In accordance with the teachings of the present invention, a
steer by wire system for a vehicle is disclosed that employs a steering torque
assist to allow the vehicle operator to more easily steer the vehicle in the event
that the steer by wire system fails. The steer by wire system includes a steering
wheel position and torque sensor that generates a signal indicative of the
position of and torque applied to the steering wheel that is received by a
controller. From the position signal, the controller controls the steering of the
vehicle by a steering motor. A feedback torque motor provides counter-torque to
the rotation of the steering wheel to simulate the turning of the vehicle wheels. If
the steer by wire system fails, a clutch engages a mechanical linkage to allow the
vehicle operator to control the vehicle steering by the steering wheel. The
controller then provides a motor drive signal to the feedback torque motor to
provide the torque assist when the mechanical linkage is engaged.

[0006] Additional advantages and features of the present invention
will become apparent from the following description and appended claims, taken

in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING
[0007] Figure 1 is a plan view of a steer by wire system employing a
torque assist motor for providing steering assist during a failure condition,

according to an embodiment of the present invention.
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DETAILED DISCUSSION OF THE EMBODIMENTS

[0008] The following discussion of the embodiments of the invention
directed to a steer by wire control system employing a steering torque assist is
merely exemplary in nature and is in no way intended to limit the invention or its
applications or uses.

[0009] Figure 1 is a plan view of a steer by wire controf system 10,
according to an embodiment of the present invention. The system 10 includes
vehicle wheels 12 and 14 connected together by an axle 16. The vehicle wheels -
12 and 14 are intended to represent vehicle front wheels in this embodiment,
however, the steer by wire control system can be used for vehicles that have rear
wheel steering. The steer by wire control system 10 is controlied by a controller
20. The controller 20 can be one controller or a combination of interconnected
controllers that are suitable for a steer by wire system of the type discussed
herein. Many suitable controllers are available, as will be appreciated by those
skilled in the art.

[0010] The vehicle operator steers the vehicle by a steering wheel
22. The steering wheel 22 is intended to represent any suitable steering wheel,
steering mechanism, joy stick, etc. that can be employed in a steer by wire
system. The vehicle operator rotates the steering wheel 22 to turn the wheels 12
and 14. 'When the steering wheel 22 is turned, a steering wheel shaft 24 is
rotated. The shaft 24 is intended to represent any suitable structural device fora
steer by wire system coupled to the steering wheel 22. The system 10 includes a
position and torque sensor 26 that senses the rotation of the shaft 24. The
sensor 26 can be any sensor suitable for a steer by wire control system of the
type being discussed herein. The sensor 26 sends a signal to the controller 20
indicative of the rotational position of the steering wheel 22. Based on the
position of the steering wheel 22, the controller 20 provides a motor drive signal
to a steering motor 30 coupled to the axle 16. The steering motor 30 causes the
vehicle wheels 12 and 14 to turn the appropriate amount to provide the steer by

wire steering control.
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[0011] The system 10 also includes a feedback motor 32 coupled to
the shaft 24 that receives a feedback drive signal from the controller 20 in
association with the motor drive signal applied to the motor 30. The feedback: -
motor 32 applies a counter-torque to the shaft 24 in response to the vehicle:
operator turning the steering wheel 22 so that the vehicle operator feels a
simulated effect of the wheels 12 and 14 turning on the roadway.

[0012] The steer by wire control system 10 also includes a
mechanical back-up steering linkage 36 that mechanically couples the steering
wheel 22 and the shaft 24 to the axle 16. The steering linkage 36 can be any -
mechanical linkage known in the art that is suitable for a steer by wire control
system -of the type discussed herein. The mechanical linkage 36 is a safety -
device that allows the vehicle operator to steer the vehicle in the event that the
steer by wire system fails. In this regard, the steering linkage 36 could potentially
be a less robust device than the steering linkages used in conventional vehicles
because it would have limited use. In one embodiment, the linkage 36 can be a
cable and could be coupled to the axle 16 by a rack and pinion gear system.

[0013] The linkage 36 includes a clutch 38 that allows the linkage
36 to be disengaged from the vehicle wheels 12 and 14 when the steer by wire
system is operating properly. In this mode, the steering linkage 36 does not act
to steer the vehicle. If a failure is detected by the controller 20, the controller 20
provides a clutch control signal to the clutch 38 to engage the clutch 38 to allow
the steering linkage 36 to be used to steer the vehicle. The clutch 38 also
provides a clutch position feedback signal to the controller 20 indicating whether
it is engaged or disengaged.

[0014] According to the invention, the controller 20 also provides a
torque assist signal to the feedback motor 32 to provide steering assi‘st when the-
clutch 38 is engaged. In this mode, the motor 32 does not provide counter-
torque to the shaft 24, but provides an assisting torque to the shaft 24 to help the
operator turn the steering wheel 22 in the desired direction. Particularly, instead
of providing a resistive torque to the steering wheel 22 during the steer by wire
control, the motor 32 helps turn the steering wheel 22 in the direction that the

vehicle operator is turning the steering wheel 22 so that the turning operation
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provided by the steering linkage 36 is not very difficult. The feedback motor 32
can be any motor suitable for the purposes described herein. Because the
feedback motor 32 can be the same feedback motor used in the known steer by
wire systems, there is no added cost or mass penalty provided by the present
invention.

[0015] The controller 20 can control the feedback motor 32 in the
assist mode so that the turning ratio provided by the motor 30 during the steer.by
wire mode and the turning ratio provided by the mechanical linkage 36 during the -
failure ‘mode can be the same so that the transition from steer by wire to:
conventional steering is seamiess. In the failure mode, the motor 32 operates as -
‘an electric power steering (EPS) system. .In this embodiment, the EPS systemis
a column EPS because the motor 32 is provided in the steering column. In an
- alternate embodiment, the motor 32 can be provided in the rack and pinion gear -
system where the mechanical linkage 36 is coupled to the axle 16 to provide a
rack EPS system.

[0016] The foregoing discussion discloses and describes merely
exemplary embodiments of the present invention. One skilled in the art will
readily recognize from such discussion and from the accompanying drawings
and claims that various changes; modifications and variations can be made
therein without departing from the spirit and scope of the invention as defined in
the following claims. ‘
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CLAIMS
What is Claimed is:

1. A steer by wire control system for a vehicle, said vehicle including
vehicle wheels, said system comprising:
a steering device for steering the vehicle wheels;
a mechanical steering linkage for mechanically coupling the
‘steering device to the vehicle wheels, said mechanical steering linkage including -
a clutch for engaging and disengaging the steering linkage;
a position and torque sensor coupled to the steering device, said
position and torque sensor generating a steering position signal indicative of the
- position of and torque applied to the steering device;
a steering motor coupled to the vehicle wheels for steering the
vehicle wheels;
a feedback motor coupled to the steering device, said feedback
motor providing torque to the steering device; and
a controller for controlling the control system, said controller
receiving the steering device position signal from the position and torque sensor,
said controller providing a motor drive signal to the steering motor for steering the
vehicle wheels, a clutch control signal to the clutch for disengaging the clutch and
a feedback signal to the feedback motor for providing a counter-torque to the
steering device when the steer by wire control system is operating properly, said
controller also providing a clutch signal to the clutch for disengaging the clutch
and a steering assist torque signal to the feedback motor if the steer by wire
system is not operating properly.

2. The system according to claim 1 wherein the steering device is a
steering wheel.

3. The system according to claim 1 wherein the feedback motor
operates as an electric power steering device if the steer by wire control system
is not operating properly.
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4. The system according to claim 3 wherein the feedback motor
provides electric power steering selected from the group consisting of rack

electric power steering and column electric power steering.

5. The system according to claim 1 wherein a steering ratio for the
steer by wire and the mechanical linkage is about the same.

6. The system according to claim 1 wherein the vehicle wheels are
front wheels.

7. A steer by wire control system for a vehicle, said vehicle including
vehicle: wheels, said system comprising:

a steering device for steering the vehicle wheels;

a mechanical steering linkage for mechanically coupling the
steering device to the vehicle wheels, said steering linkage allowing the vehicle
to be steered if the steer by wire control system is not operating properly;

a steering motor coupled to the vehicle wheels, said steering motor
steering the vehicle wheels when the steer by wire control system is operating-'
properly; and

a torque assist motor coupled to the steering device, said torque
assist motor providing a torque assist for the steering device when the
mechanical steering linkage is being used to steer the vehicle.

8. The system according to claim 7 wherein the torque assist motor
operates as a feedback motor for providing a counter-torque to the steering
device when the steering motor is being used to steer the vehicle wheels.

9. The system according to claim 8 further comprising a position and
torque sensor coupled to the steering device, said position and torque sensor
generating a steering position signal indicative of the position of the steering
device to provide control of the steering motor and the assist motor.
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10.  The system according to claim 7 wherein the steering device is a
steering wheel.

11.  The system according to claim 7 wherein a steering ratio for the
steering motor and the mechanical linkage is about the same.

12.  The system according to claim 7 wherein the vehicle wheels are

front wheels.

13. A method of steering a vehicle, said vehicle including vehicle
wheels and a steering device for steering the vehicle wheels, said method -
comprising:

providing a mechanical steering linkage for mechanically coupling
the steering device to the vehicle wheels;

sensing the position of the steering device;

electrically steering the vehicle wheels;

providing a counter-torque to the steering device in response to the
electrical steering of the vehicle; and

providing a torque assist to the steering device if the steering
linkage is steering the vehicle. -

14.  The method according to claim 13 wherein providing a counter-
torque includes providing a feedback signal to a feedback motor coupled to the

steering device.

15.  The method according to claim 14 wherein providing a torque assist

includes providing a signal to the feedback motor to provide the torque assist.

16.  The method according to claim 13 further comprising providing a
clutch coupled to the mechanical steering linkage, disengaging the clutch when
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the vehicle wheels are being electrically steered and engaging the clutch when
the steering linkage is steering the vehicle wheels.

17.  The method according to claim 13 wherein the steering device is a

steering wheel.



PCT/US2005/017633

WO 2006/001950

1/1

1-9H

anbioj ws.e.a& [93UM puey .Al

) L

/4

aALI( J0jojy Yorqpaad JaAlQ \ 8
%

(s)ajjospui09

Y9eqpaa4 UopIsod Yain9 T

[04U02 Y19

bl

14

&I\\

¥oBqpas4 pue aAL( JOJOl

¢




International application No.

INTERNATIONAL SEARCH REPORT

PCT/US05/17633
A CLASSIFICATION OF SUBJECT MATTER
IPC(7) : B62D 5/00
USCL . 180/402

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)
U.S. : 180/402, 403, 421, 422; 701/41, 43

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, scarch terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6,442,462 B1 (NISHIZAKI et al.) 27 August 2002 (27.08.2002) 1-17
A US 6,220,385 B1 (BOHNER et al.) 24 April 2001 (24.04.2001)
A US 6,244,371 B1 (BOHNER et al.) 12 June 2001 (12.06.2001)

D Further documents are listed in the continuation of Box C. ‘:l See patent family annex.

* Special categories of cited documents: “T later document published after the intemational filing date or priority
date and not in conflict with the application but cited to understand the
“A”  document defining the general state of the art which is not considered to be of principle or theory underlying the invention
particular relevance
X" document of particular relevance; the claimed invention cannot be
“E”  earlier application or patent published on or after the intemational filing date considered novel or cannot be considered to involve an inventive step

when the document is taken alone
“L"  document which may throw doubts on priority claim(s) or which is cited to

establish the publication date of her citation or other special reason (as y” document of particular relevance; the claimed invention cannot be
specified) considered to involve an inventive step when the document is combined
with one or more other such d such bination being

“Q"  document referming to an oral disclosure, use, exhibition or other means obvious to a person skilled in the art

“p*  document published prior to the intemational filing date but later than the “&" document member of the same patent family
priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

02 September 2005 (02.09.2005) 21 SEP 7

Name and mailing address of the [SA/US Authorlzeﬁ’oﬁ'ce
Mail Stop PCT, Attn: ISA/US
Commissioner for Patents Kenneth Dorner
P.O. Box 1450
Alexandria, Virginia 22313-1450 Telephone No. 571-272-3600

Facsimile No. (703) 305-3230

Form PCT/ISA/210 (second sheet) (April 2005)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

